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© Resist compositions. 

© Resists sensitive to UV, electron beam and x-ray radiation with positive or negative tone upon proper choice 
of a developer are formulated from a polymer having recurrent pendant groups such as tert-butyl ester or tert- 
butyl carbonates that undergo efficient acidolysis with concomitant changes in polarity (solubility) together with a 
photoinitiator which generates acid upon radiolysis. A sensitizer component that alters wavelength sensitivity 
may also be added. 
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RESIST COMPOSITIONS 
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This invention relates to positive working or negative working resist compositions. 

Cationic photopolymerization of vinyl and heterocyclic monomers, and photocrosslinking of polymers 
containing oxirane and thirane rings initiated by an acid generated via photolysis of onium salts are well 
known. U.S. patents 4,210.449 and 4,273,668 disclose the use of the onium salts as photoinitiators for 
cationic polymerization and cross linking. 

U.S. patent 3,984,253 discloses a sensitization of polyphthalaldehyde to UV. electron beam, and X-ray 
radiations by adding acid-generating compounds such as diazonium salts to provide positive images. 

U.S. patent 4,31 1 ,782 discloses a radiation-sensitive mixture which contains an acid-forming compound 
and a polymeric compound having recurrent orthocarboxylic acid ester groupings for the production of 
positive relief images. 

U.S. patent 4,104.070 describes a Modified Image Reversal Process (MIRP). The process, however, 
requires the addition of a third component and a flood exposure step. 

U.S. patent 4,101,323 discloses a radiation-sensitive copying composition comprising a compound (1) 
which splits-off an acid upon irradiation and a compound (2) having at least one group selected from the 
group consisting of a carboxylic ortho acid ester group and a carboxylic acid amide acetal group, which 
composition, upon irradiation, forms and exposure product having a higher solubility in a liquid developer 
than the non-irradiated composition. 

U.S. patent 3,779,778 discloses a photosolubiiizable composition comprising 
a. a water-insoluble organic compound containing one or more acid-degradable linkages of the formula 




35 where Z is selected from the group consisting of OAr, NRS02Ar. 



45 




, and 



i 

W 




where Ar is a monovalent or divalent aromatic group and R is a lower alkyl group; and 

b. a photoinitiator comprising a photolyzable acid progenitor which is normally nonreactive but which, upon 

absorption of actinic radiation, is capable of generating an acid condition, 

said composition being rendered readily removable by a developing solution in an imagewise manner in 
areas exposed to actinic radiation, the unexposed areas remaining intact. 

According to the invention there is provided a positive working and negative working resist composition 
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comprising: a polymer having recurrent acid labile pendant groups and a photoinitiator which generates an 
' acTupon exposure to radiation characterised in that the acid labile pendant groups are ternary butyl esters 

of carboxylic acids or tertiary butyl carbonates of phenols. 

According to another aspect of the present invention there .s prov.ded a res,st composition as 

5 hereinbefore defined wherein the photoinitiator is taken from the group consisting of aryldiazonwrn salts, 
unsubstituted and symmetrically or unsymmetrically substituted diaryliodomum or narylsulf °".um salts^ 

The resist compositions of the present invention which are sensitive to ultrav.olet (UV). electron beam or 
x-ray radiation with positive or negative resist tone upon proper choice of a developer are made by 
combining a polymer having recurrent acid labi.e pendant groups with a catiomc Photcmtiators such a 

, 0 aryldiazonium diaryliodonium. or triarylsulfonium metal halides. The polymer contam.ng the mrtiator .s 
coated as a thin film on a substrate. It is then baked under controlled colons expose d to ad at^n m an 
imagewise configuration, and postbaked under controlled conditions. In the portions of the films on which 
mediation falls the po.ymer recurrent acid labi.e pendant groups are cleaved to form P°lar recumnj un.ts 
and the exposed areas are selectively removed by treatment with an alkaline developer or polar so ven ts_ 

, 5 Because the unexposed portions of the film are nonpolar. they are select.ve.y -moved by treatmen 
with a nonpolar solvent. Thus, image reversal is extremely easily achieved by proper *o,ce of a deve, oper 
owing to the great difference in the solubility characteristics of the exposed and unexposed portions The 
mechanism of the dissolution differentiation involved in the present invention comple e y Affiant from those 
of the prior art above. Whereas the prior art depends on crosslinking in the case of the negat ve tone or 

20 main chain degradation in the case of the positive tone, the present invention ,s concerned with the s,de 

chain deavage^ ^ ^ ^ .^.^ ^ compositions ernploy ed are made sensitive to 

various wavelengths ranging from deep UV to visible light. For instance, the absorption max.ma of 
7SLlTsL can be matched to the spectrum of the mercury lamp output by substitution on the 
25 aromatic ring. In addition, although the absorption of diaryliodonium and tnarylsulfonium salts does no 
Snd I about 300 nm, simpie addition of an additional sensitizer component allows patterning at .onger 
wavelengths ranging from mid UV to visible light. 

Compositions covered under the present invention which contain recumng aromat.c rings have another 
desirable property, namely, resistance to plasma and reactive ion etch.ng. 

Compositions of the present invention containing diaryliodonium or triarylsulfon.um metal Glides are 
particle useful and advantageous when used with deep UV light (200-300 nm) exposure, because they 
are very sensitive to deep UV light and give very high resolution images with nearly vertical wall angles 

^"n^sentTnSnLt it is understood that any substance which produces strong acid upon exposure 
35 to radiation can be a photoinitiator. However, the most preferred photoinitiators are unsubstituted and 
symmetrica^ or unsymmetrically substituted diary.iodonium or triarylsulfonium f^J^T^Z 
salts are also useful. Substituted aryldiazonium salts can be employed as well. The most preferable 
^ena'onf of the salts in the preset invention are complex metal halides such as «orobora^ 
hexafluoroantimonate, hexafluoroarsenate, and hexafluorophosphate. but the invention .s not l.m.ted to these 
Sgenanions and photoinitiators. ,t is operative with a wide range of compounds which; genera .acids upon 
exposure to radiation. In the prevent invention, the amount of initiator used ranges from 1 to 100 w/w /. to 
polymer. The preferred concentration range is from 5 to 50 ww %. nanMan , 
The preferred polymers of the present invention are vinylic polymers contam.ng recurrent pendan 
groups that undergo efficient acido.ysis to produce products that are very different ,n po.anty (So.ub tity) 
E their precursors. The invention, however, is not limited to polymers obta.ned by vmylic add.hon 
polymerizatL. Other polymerizations such as condensation, polyaddition. and addition condensation can 
be employed to synthesize polymers useful in the present invention. hllM ear- 
The preferred acid labile pendant groups are tert-butylesters of carboxylic ac.des and tert-butylcar 
bonates of phenols but. it is understood that a wide range of acid labile groups are operative .n the 
invention. These include trityl, benzyl, benzyhdryl modifications as well as others wel knowr , ■ 

The most preferred polymers are poly(p-tert-butoxycarbonyloxy-a-methylstyrene) poly<p-tert butoxycar 
bonyloxystyrene), poly(tert-butyl p-vinylbenzoate), poly(tert-butyl p-isopropenylphenyloxyacetate). and poly- 

^^hTpreftrS^ompounds used with diaryliodonium or triarylsulfonium salts to sensitize the composi- 
tions to longer wavelengths ranging from mid UV to visible light are polycyclic aromat.cs such as pyrene 
and perylene. Other dyes are also available that are operative sensitizers includ.ng the acndmes. The 
invention is not limited to the use of any particular class of dyes. „„.„ mor<! 
The following synthetic procedures describe the preferred method for mak.ng the preferred polymers. 
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The synthesis of the photoinitiators has been well documented in the literature. The following procedure 
also describes the preferred process for using the present invention. 

5 A. Preparation of p-tert-Butoxycarbonyloxy-a-methylstyrene: 



A-1. 

io A solution of 5.44 g of p-hydroxyacetophenone in 150 mL of dry tetrahydrofuran was treated with 4.48 g 
of potassium tert-butoxide. To the mixture were then added 10.02 g of di-tert-butyl dicarbonate in 
tetrahydrofuran. After stirring for one hour at room temperature, the reaction was poured into cold water, 
and the resulting mixture was extracted with ethyl acetate. After a standard work-up procedure, the solution 
was concentrated and the product crystallized on standing at room temperature (9.2 g, 97% yield). A 

T5 suspension of 3.57 g of methyltriphenylphosphonium bromide in 50 mL of dry tetrahydrofuran was treated 
with 1.12 g of potassium tert-butoxide. After stirring for 30 minures. 2.36 g of p-tert-butoxycarbonylox- 
yacetophenone in 20 mL of tetrahydrofuran were added. After the work-up procedure, the organic layer was 
concentrated to yield a viscous material which was purified by high pressure liquid chromatography using 
hexane as eluent to give 1 .55 g (66%) of pure p-tert-butoxycarbony!oxy-a-methylstyrene. 

20 

A-2. 

A mixture of 5.64 g of p-hydroxy-a-methylstyrene, synthesized by base-catalyzed cleavage of 2.2-bis(p- 
25 hydroxyphenyl)propane. and 6.5 g of potassium tert-butoxide in 50 mL of dry tetrahydrofuran was stirred for 
10 minutes, then a tetrahydrofuran solution of 12.7 g of di-tert-butyl dicarbonare was added. The resulting 
gelatinous mixture was mechanically stirred for 20 minutes, and then poured into cold water. After work-up, 
a crude product was obtained by evaporation of the extraction solvent (ethyl acetate). Purification was 
achieved by high pressure liquid chromatography with hexane as eluent to give 8.03 g (81%) of the pure p- 
30 tert-butoxycarbonyloxy-a-methylstyrene 

B. Preparation of p-tert-Butoxycarbonyloxystyrene: 

35 A solution of 21 .7g of p-hydroxybenzaldehyde in dry THF was treated with 19.94g of potassium t- 
butoxide under a nitrogen atmosphere. After stirring for a few minutes at room temperature, 42.8g of di-t- 
butyldicarbonate were added and the mixture was stirred for another hour at room temperature. Thin layer 
chromatography showed that the reaction was complete and the mixture was poured into ice water. The 
product was extracted with ethyl acetate, washed with water and dried over magnesium sulfate. Evaporation 

40 of the solvent afforded 39g (99%) of a crude material which can be used directly for the preparation of p-t- 
Butoxycarbonyloxystyrene. Alternately, the product was purified by preparative HPLC to afford the pure 
material, p-t-Butoxycarbonyloxybenzaldehyde. 

A suspension of 34.1 g of methylriphenylphosphontum bromide in 400mL of dry THF was treated with 
10.7g of potassium t-butoxide under a nitrogen atmosphere. After stirring for 10 min at room temperature, 

45 the yellow solution was treated with a solution of 21 .2g of p-t-butoxy-carbonyloxybenzaldehyde in 100 mL of 
dry THF. After stirring for one hour, the mixture was poured into cold water and extracted with ethyl acetate. 
The organic phase was washed, dried over magnesium sulfate and concentrated. The crude product was 
purified by preparative HPLC to yield 16.6g (79%) of pure p-t-Butoxycarbonyloxystyrene. Alternately, lite 
was purified by distillation under reduced pressure. 

50 

C. Preparation of p-t-Buxtoxycarbonyloxystyrene 

p-tert-Butoxycarbonyloxy-a-methylstyrene (3.000 g) was dried under high vacuum and dissolved in 10.0 
55 mL of dry liquid sulfur dioxide distilled in vacuo into the polymerization ampoule to give a yellow solution. 
With the monomer solution hozen at liquid nitrogen temperature, boron trifluoride etherate (0.02 mL, 1.2 
mole % to the monomer) was introduced by distillation in vacuo . Upon thawing at -65* C, the mixture 
became turbid, and after one hour at -65 *C, a phase separation was observed. Then, almost the whole 
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mass solidified. After 26 hours, the ampoule was cut open and cold methanol was added at -65 *C to 
provide the polymer as a white precipitate. The polymer was dissolved in dichloromethane, precipitated in 
methanol, purified by re precipitation in m.ethanol, and dried in vacuo at 38 *C to provide 2.614 g (87.1%) of 
product with number average molecular weight of 46,900 (membrane osometry). 

5 

D. Preparation of Poly(p-tert-butoxycarbonyloxystyrene) 



70 D-1. 

Commercial poly(p-vinylphenol) was reacted under phase transfer conditions with di-tert-butyl dicar- 
bonate and sodium carbonate. The resulting polymer was isolated from the organic phase by precipitation 
to provide greater than 90% yield of product showing the characteristic carbonyl absorbance of aryl alkyl 
75 carbonates. 



D-2. Free Radical Polymerization of p-t-butoxycarbonyloxystyrene 

20 A solution of 5 g of p-t-butoxycarbonyloxystyrene in 5 mL of toluene containing 0.03g of AIBN was 
heated to 65-75* under nitrogen. The misture became very viscous overnight and, after being diluted with 
dichloromethane, the polymer was precipitated in petroleum ether. The white solid was washed with 
petroleum ether, then with methanol and dried. The polymer weighed 4.1 g (82% yield) and has Mn = 
43,000 (osmometry). 

25 

D-3. Cationic Polymerization of p-t-butoxycarbonyloxystyrene 

p-tert-Butoxycarbonyloxystyrene (1.000 g) was dried under high vacuum and dissolved in 3.0 mL of dry 
30 liquid sulfur dioxide distilled in vacuo into the polymerization ampoule to give a yellow solution. With the 
solution frozen at liquid nitrogen temperature, boron trifluoride etherate (5 nL, 0.8 moie% to the monomer) 
was introduced by distillation in vacuo . The polymerization was carried out at -65 "C for 27 hours. The 
ampoule was cut open and cold methanol was added at - 65 * C to provide the polymer as a white 
precipitate. The polymer was dissolved in chloroform, precipitated in methanol, purified by reprecipitation in 
35 methanol, and dried at 40* C to provide 0.901 g (90.1%) of product with number average molecular weight 
of 28,900 (GPC). 



E. Preparation of Resist Solution, Exposure and Development: 

40 

In a typical experiment, the polymer is dissolved in diglyme or cyclohenanone at 20 w/v% of solids, to 
which is added the onium salt at 20 w/w% to the polymer. 

The solution is filtered through a 0.2 u teflon filter. A resist layer is formed from the solution by spin 
coating onto a silicon wafer. The coated film is baked at 90-100* C for 30 minutes. 
45 The films are then exposed through a quartz mask to UV radiation from an Oriel illuminator or a Hybrid 
Technology Group Model 345-10 Xe-Hg lamp, orimagewise exposed to 25 KeV scanning electron beam 
radiation or to x-radiation. 

The exposed films are heated at 90-100* C for 5-15 seconds. 

The exposed and heated films are then developed in agueous base or alchol to provide high resolution 
50 positive tone images without loss of film thickness in the unexposed regions. 

The system can be easily made negative -working by development in a nonpolar solvent such a 
dichloromethane or mixtures of hexane and dichloromethane after exposure and baking. 

The sensitization to the longer wavelengths can be achieved by adding a small amount of pyrene or 
perylene to the resist solution above. Pyrene is effective to render the resist compositions containing 
55 diphenyliiodonium salts sensitive to 31 3 nm radiation. Perylene is effective to render the resist compositions 
containing diphenyiiodonium or triphenyisulfonium salts sensitive to 365, 404 and 436 nm" radiation. 
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F. Examples 



Example 1 

5 

Poly(p-tert-butoxycarbonylox-a-methylstyrene) (number average molecular weight 46,900) was dis- 
solved in diglyme at 20 w/v% of solids. Triphenylsulfonium hexafluoroarsenate was added at a loading of 20 
w/w% to the polymer. The resist film was spin coated from the solution onto silicon wafers at 3000 rpm to 
form a 0.6 u thick layer. The film was baked at 100"C for 30 minutes, and then exposed through a quart2 
io mask to UV radiation at a dose of 5-10 mJ/cm 2 . After postbaking at 100*C for 5 seconds, high resolution 
positive images were obtained by development in agueous base for 60 seconds. Similarly, negative images 
were obtained by development in dichloromethane/hexane for 5-10 seconds. 



75 Example 2 

Poly(p-tert-butoxycarbonyloxy-a-methylstryene) (number average molecular weight of 46.900) was dis- 
solved in cyclohexanone at 30 w/v% of solids. Triphenylsulfonium hexafluoroarsenate was added at a 
loading of 20 w/w% to the polymer. The resist film was spin coated from the filtered solution onto the 
20 silicon wafer at 2000 rpm to give a 2.4 u thick layer. The film was baked at 100* C for 30 minutes, and then 
exposed through a quartz mask to narrow bond width 254 nm UV radiation at a dose of 50 mJ/cm 2 The 
exposed film was postbaked at 100*C for 15 seconds. High resolution positive images with nearly vertical 
wall angles were obtained by development in isopropanol for 30 seconds. Negative images were also 
obtained by development in dichloromethane for 30 seconds. 



Example 3 

Poly(p-tert-butoxycarbonyloxystyrene) (number average molecular weight of 21,600) was dissolved in a 
30 mixture of 1 ,1 ,2,2-tetrachloroethane and diglyme (5:1) at 3 w/v% of solids. Diphenyliodonium hexafluoroar- 
senate (20 w/w% to the polymer) and a small amount of perylene were added to the polymer solution. A 
one a thick film was cast from the solution onto a quartz wafer by spin coating at 2500 rpm. The film was 
baked at 100*C for 10 minutes, and exposed to narrow bandwidth 365 nm radiation at a dose of 25 
mJ/cm 2 . After postbaking at 100* C for 2 minutes, the side groups were confirmed to be completely cleaved 
35 by UV and IR spectroscopy. 



Example 4 

40 Poly(p-tert-butoxycarbonyloxy-or-methylstyrene) (number average molecular weight of 46,900) was dis- 

solved in diglyme at 20 w/v % of solids. Triphenylsulfonium hexafluoroarsenate (20 w/w% to the polymer) 
was added. The resist film was spin coated from the solution onto a silicon wafer at 3000 rpm to give a 0.6 
ul thick layer. The film was baked at 1 00 * C for 30 minutes, and then exposed to 25 KeV scanning electron 
beam radiation at incident doses of 50,20, 10, and 5 uC/cm 2 to provide 4.0 to 0.25 u lines. The exposed 

45 film was postbaked at 100° C for 5 seconds, and developed in isopropanol to provide high resolution 
positive images. The image quality is good at 10 u.C/cm 2 . 



Example 5 

50 

Poly(tert-butyl methacrylate) synthesized by radical polymerization was dissolved in diglyme at 20 w/v 
% of solids. Triphenylsulfonium hexafluoroarsenate was added at a loading of 20 w/w% to the polymer. The 
resist film was cast from the solution on a silicon wafer by spin coating at 3000 rpm to give a 0.6 u thick 
layer. The film was baked at 100* C for 30 minutes, and exposed through a quartz mask to UV radiation at 
55 a dose of 55 mJ/cm 2 . The exposed film was postbaked at 100* C for 20 seconds and developed in 
dichloromethane for 30 seconds to provide high resolution negative images. 
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Claims 

1. A resist composition comprising: 

a polymer and a photoinitiator which generates an acid upon exposure to radiation, the photoinitiator being 
present in from 1% to 100% by weight of said pofymer, and the polymer having acid labile groups pendant 
from the polymer backbone; 

said resist composition being positive working when developed with alkaline developer or polar solvent to 
remove exposed areas of the composition and negative working when developed with a nonpolar solvent to 
remove unexposed areas of the composition; and 

wherein said photoinitiator is selected from the group consisting of unsubstituted diaryliodonium salts, 
symmetrically substituted diaryliodonium salts, or unsymmetncaUy substituted diaryliodonium salts. 

2. A resist composition comprising; 

a polymer and a photoinitiator which generates an acid upon exposure to radiation, the photoinitiator being 
present in from 1% to 100% by weight of said polymer, and the polymer having acid labile groups pendant 
from the polymer backbone; 

said resist composition being positive working when developed with alkaline developer or polar solvent to 
remove exposed areas of the composition and negative working when developed with a nonpolar solvent to 
remove unexposed areas of the composition; and 

wherein said photoinitiator is selected from the group consisting of unsubstituted triarylsulfonium salts, 
symmetrically substituted triarylsulfonium salts, or unsymmetrically substituted triarylsulfonium salts. 

3 . A resist composition as claimed in claim 1 or Claim 2 which also contains a sensitizer that absorbs 
radiation and transfers energy to the photoinitiator. 

4 . A resist composition as claimed in claim 3 wherein the sensitizer is a dye. 

5 . A resist composition as claimed in claim 3 wherein the sensitizer is a polycyclic aromatic compound. 

6 . A resist composition as claimed in claim 3 wherein the sensitizer is pyrene. 

7 . A resist composition as claimed in claim 3 wherein the sensitizer is perylene. 

8. A resist composition as claimed in claim 1 or claim 2, wherein said photoinitiator is taken from the 
group consisting of symmetrically or unsymmetrically substituted diaryliodonium or triarylsulfonium. 



